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Although externalizing behavior problems show in general a high stability over time, the course of
externalizing behavior problems may vary from individual to individual. Our main goal was to investigate
the predictive role of parenting on externalizing behavior problems. In addition, we investigated the
potential moderating role of gender and genetic risk (operationalized as familial loading of externalizing
behavior problems (FLE), and presence or absence of the dopamine receptor D4 (DRD4) 7-repeat and 4-
repeat allele, respectively). Perceived parenting (rejection, emotional warmth, and overprotection) and
FLE were assessed in a population-based sample of 1768 10- to 12-year-old adolescents. Externalizing
behavior problems were assessed at the same age and 212 years later by parent report (CBCL) and self-
report (YSR). DNA was extracted from blood samples. Parental emotional warmth predicted lower, and
parental overprotection and rejection predicted higher levels of externalizing behavior problems.
Whereas none of the parenting factors interacted with gender and the DRD4 7-repeat allele, we did
ﬁnd interaction effects with FLE and the DRD4 4-repeat allele. That is, the predictive effect of parental
rejection was only observed in adolescents from low FLE families and the predictive effect of parental
overprotection was stronger in adolescents not carrying the DRD4 4-repeat allele.
& 2012 Elsevier Ireland Ltd. All rights reserved.1. Introduction
Among the factors that may inﬂuence the severity and course
of externalizing behaviors are various aspects of parenting. Lon-
gitudinal studies in school-age children suggest that positive
parenting (i.e., warmth, involved parenting, and sensitivity) leads
to decreases in externalizing behavior problems (Trentacosta
et al., 2008), whereas lack of positive parenting leads to increases
in externalizing behavior problems (Caspi et al., 2004; Miner and
Clarke-Stewart, 2008). Further, negative parenting (i.e., hostility,
rejection, and harsh discipline) has been reported to lead to
increases in externalizing behavior problems (Caspi et al., 2004;
Leve et al., 2005; Miner and Clarke-Stewart, 2008). Longitudinal
studies in adolescence are limited but reveal that positive parenting
predicts decreases in externalizing behavior problems (Reitz et al.,
2006) and negative parenting predicts increases in externalizingd Ltd. All rights reserved.
: þ31 24 3540 561.
sman).behavior problems (Leve et al., 2005). Cross-sectional studies in
adolescence show similar associations as reported in longitudinal
studies (Akse et al., 2004; Buschgens et al., 2010; Kim et al., 1999;
Veenstra et al., 2006; Yahav, 2007). The goal of the present study is
to extend prior ﬁndings on the role of parenting on externalizing
behaviors in three ways: (1) by using longitudinal data on early
adolescence, (2) by examining the moderating role of gender on the
effects of parenting, and (3) by examining the moderating role of
genetic risk on the effects of parenting.
Though there is some evidence that the inﬂuence of parenting
on externalizing behavior problems may depend on gender (Leve
et al., 2005; Miner and Clarke-Stewart, 2008; Rothbaum and
Weisz, 1994), many of the studies on the relationship between
parenting and externalizing behavior problems have not taken
gender differences into account (Buschgens et al., 2010; Caspi
et al., 2004; Reitz et al., 2006; Trentacosta et al., 2008; Yahav,
2007). Although a cross-sectional study could not demonstrate a
gender-speciﬁc association between parenting and externalizing
behavior problems (Veenstra et al., 2006), a longitudinal
study that followed participants from childhood through
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nalizing behavior problems in boys, whereas it predicted girls’
externalizing behavior problems only when it was accompanied
by an individual vulnerability (i.e., low fear/shyness or high
impulsivity) (Leve et al., 2005). Concerning positive parenting, a
longitudinal study that followed children from age 2 to 9 found
that low parental sensitivity predicted externalizing behavior
problems more strongly in boys than in girls (Miner and Clarke-
Stewart, 2008). A meta-analysis by Rothbaum and Weisz (1994)
also showed that negative parenting was more strongly linked to
externalizing behavior problems for boys than for girls, especially
among preadolescents. In the present study, we have the possi-
bility to test the potential moderating effect of gender in a sample
that contains data on both positive and negative parenting.
A second potential moderator is the genetic risk for externalizing
behavior problems. Firstly, genetic risk will be operationalized by
familial loading of externalizing behavior problems (FLE), that is,
lifetime parental externalizing behavior disorders (Ormel et al.,
2005). Since quantitative genetic studies indicate that the familial
aggregation of externalizing disorders is mainly due to genetic
factors (Burt, 2009), we assume that familial loading reﬂects largely
genetic risk, although a contribution of shared environmental
inﬂuences cannot be ruled out. Previous studies based on the
present sample found that FLE is related to externalizing behavior
problems (Buschgens et al., 2009, 2010; Ormel et al., 2005). More-
over, one of these studies found that the interaction between FLE
and parenting was cross-sectionally associated with various forms
of externalizing behavior problems (Buschgens et al., 2010). More
speciﬁcally, parental rejection or parental overprotection in combi-
nation with FLE were associated with more teacher-rated hyper-
activity-impulsivity symptoms. In the same line, we will assess gene
environment interaction by investigating the interaction between
FLE and parenting on future externalizing behavior problems.
Almost three decades ago, it has been proposed that FLE interacts
with an adverse environment in predicting externalizing behavior
problems (Cadoret et al., 1983). In this classical stress-vulnerability
view of gene environment interaction, outcomes are worse when
genetic risk coincides with an adverse environment.
Secondly, genetic risk will be operationalized by the presence
of the dopamine receptor D4 (DRD4) 7-repeat allele (i.e., the allele
associated with externalizing behavior problems). Particularly
relevant to the present study is the work of Bakermans-
Kranenburg and Van Ijzendoorn (2006), who found a six-fold
increase in externalizing behavior problems in children carrying
the dopamine receptor D4 (DRD4) 7-repeat allele exposed to
insensitive parenting compared to children without these com-
bined risks. Also, Sheese et al. (2007) demonstrated that children
carrying the dopamine receptor D4 (DRD4) 7-repeat allele who
also experienced low quality of parenting showed high levels of
sensation seeking. In addition, a recent study highlights the
potential moderating role of the dopamine receptor D4 (DRD4)
7-repeat allele with positive parenting (Knafo et al., 2011). One
study found a decrease in externalizing behavior problems in
African American children with the short DRD4 polymorphism
(i.e., 2–5 repeats) exposed to warm-responsive parenting
(Propper et al., 2007). However, a review by Bakermans-
Kranenburg and Van Ijzendoorn (2007) shows that susceptible
children (i.e., carrying the dopamine receptor D4 (DRD4) 7-repeat
allele) may show lower levels of externalizing behavior problems
in favorable environments (i.e., sensitive parenting). Thus, as in
the classical stress-vulnerability view of gene environment inter-
action, outcomes may be worse when genetic risk coincides with
an adverse environment. However, ﬁndings concerning a positive
environment are less straightforward, since externalizing behavior
problems may decrease when genetic risk coincides with a positive
environment (Bakermans-Kranenburg and van Ijzendoorn, 2007), orexternalizing behavior problems may decrease when an absence of
the genetic risk coincides with a positive environment (Propper
et al., 2007). All these studies have in common that they are based
on samples of schoolage children. In the present study, we will
assess gene-environment interaction by investigating the interaction
between the dopamine receptor D4 (DRD4) 7-repeat allele and
parenting on future externalizing behavior problems in adolescents.
The effect of the DRD4 7-repeat allele on attention deﬁcit-
hyperactivity disorder (ADHD) is well-established in meta-analysis
(Gizer et al., 2009). Although prior studies generally demonstrate the
potential role of the DRD4 7-repeat allele in moderating the
relationship between parenting and externalizing behavior
problems, the DRD4 4-repeat allele may also serve as a potential
moderator. This 4-repeat allele differs from the 7-repeat allele in
secondary messenger (i.e., cAMP) activity and is more sensitive to
dopamine stimulation (Asghari et al., 1995). Absence of the 4-repeat
allele may be related to lower executive function (Fossella et al.,
2002), which is related to behavior problems (Espy et al., 2011).
Also, a meta-analysis by Li et al. (2006) shows that the presence of
one or two 4-repeat alleles have a protective effect for ADHD.
In summary, the goal of the present study was to investigate the
main and interactive effects of parenting, gender and genetic risk on
future externalizing behavior problems in a population-based sam-
ple of adolescents. Our ﬁrst hypothesis was that negative parenting
(i.e., parental rejection and parental overprotection) leads to higher
levels of externalizing behavior problems 212 years later, whereas
positive parenting (i.e., parental warmth) leads to lower levels of
externalizing behavior problems 212 years later. Second, we hypothe-
sized that the relationship between parenting and externalizing
behavior problems is speciﬁc for boys rather than for girls. Our third
hypothesis was that the presence of high genetic risk (i.e., FLE or the
DRD4 7-repeat allele) would interact with negative parenting in that
high genetic risks lead to higher levels of externalizing behavior
problems in the presence than in the absence of negative parenting.
In addition, we explored whether genetic risk interacts with positive
parenting in predicting lower levels of externalizing behavior
problems, as well as whether the DRD4 4-repeat allele interacts
with parenting in predicting externalizing behavior problems.2. Methods
2.1. Sample
The TRacking Adolescents’ Individual Lives Survey (TRAILS) is a prospective
study of Dutch adolescents, with the aim to chart and explain the development of
mental health from early adolescence into adulthood, both at the level of
psychopathology and the levels of underlying vulnerability and environmental
risk. Adolescents will be measured bi- or triennially at least until they are 25 years
old. The present study involves data from the ﬁrst (T1), second (T2), and third (T3)
assessment wave of TRAILS, which ran from March 2001 to July 2002, September
2003 to December 2004, and September 2005 to December 2007, respectively.
TRAILS participants were selected from ﬁve municipalities in the north of The
Netherlands, including both urban and rural areas. Children born between October
1, 1989, and September 30, 1990 (ﬁrst two municipalities), or October 1, 1990, and
September 30, 1991 (last three municipalities), were eligible for inclusion,
providing that their schools were willing to cooperate and that they were able
to participate in the study. Of all eligible 2935 children, 76.0% (N¼2230, mean
age¼11.09, S.D.¼0.56, 50.8% girls) were enrolled in the study. Parental written
informed consent was obtained after the procedures had been fully explained.
Responders and non-responders did not differ with respect to the prevalence of
teacher-rated behavior problems, nor regarding associations between sociodemo-
graphic variables and mental health outcomes. Detailed information about sample
selection and analysis of non-response bias has been reported elsewhere
(de Winter et al., 2005; Huisman et al., 2008). Of the 2230 baseline participants,
96.4% (N¼2149, 51.0% girls) participated in the ﬁrst follow-up assessment (T2),
which was held 2–3 years after T1 (mean number of months 29.44, S.D.¼5.37,
range 16.69–48.06). Mean age at T2 was 13.56 (S.D.¼0.53). At T3, the response rate
was 81.4%, and mean age was 16.13 (S.D.¼0.59). The TRAILS study was approved
by the Central Committee on Research Involving Human Subjects (Dutch CCMO).
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At T1, well-trained interviewers visited one of the parents or guardians
(preferably the mother, 95.6%) at their homes to administer an interview covering
a wide range of topics, including development history and somatic health,
parental psychopathology and care utilization. In addition to the interview, the
parent was asked to ﬁll out some questionnaires concerning the child’s mental
health and behavior. Adolescents ﬁlled out questionnaires at school, in the
classroom, under the supervision of one or more TRAILS assistants. Teachers were
asked to ﬁll out a brief questionnaire for all TRAILS-participants in their class. T2
involved only questionnaires, to be ﬁlled out by the adolescents, their parents and
their teachers. As in T1, the adolescents ﬁlled out their questionnaires at school,
supervised by TRAILS assistants. At T3, blood or buccal cells were collected for
DNA analysis. Measures that were used in the present study are described more
extensively below.Table 1
Allele frequencies and genotype distribution of the
DRD4 gene.2.3. Measures
2.3.1. Parenting
Adolescent’s perception of parental rearing practices was assessed with the
EMBU-C (Markus et al., 2003), a child version of the EMBU (a Swedish acronym for
My Memories of Upbringing). This questionnaire contains a list of 47 items on the
factors Rejection, Overprotection and Emotional Warmth. Each item could be
rated as 1¼no, never, 2¼yes, sometimes, 3¼yes, often or 4¼yes, almost always;
and was asked for both the father and the mother. Rejection is characterized by
hostility, punishment, derogation, and blaming of the child. Overprotection
denotes fearfulness and anxiety for the child’s safety, guilt engendering, and
intrusiveness. Emotional Warmth refers to giving special attention, praising for
approved behavior, unconditional love, and being supportive and affectionately
demonstrative. Five items of the Rejection scale were excluded due to low
loadings (Oldehinkel et al., 2006). After exclusion of these items, the Rejection
scale contains 12 items with Cronbach’s a¼0.84 for fathers and 0.83 for mothers;
the Overprotection scale contains 12 items with Cronbach’s a¼0.70 for fathers
and 0.71 for mothers; and the Emotional Warmth scale contains 18 items with
Cronbach’s a¼0.91 for both fathers and mothers. The answers for both parents
were highly correlated (r¼0.67 for Rejection, r¼0.81 for Overprotection, and
r¼0.79 for Emotional Warmth), so we combined them into a single measure as in
previous TRAILS papers (Bouma et al., 2008; Oldehinkel et al., 2006; Veenstra
et al., 2006). The test–retest stability of a shortened version of the EMBU-C
(10-item scales) over a 2-months period has been found to be satisfactory (r¼0.78
or higher) (Muris et al., 2003). There is sufﬁcient support for the factorial and
construct validity of this instrument (Dekovic et al., 2006).Allele/genotype n %
Allele
2 254 8.75
3 162 5.58
4 1836 63.27
5 24 0.83
6 15 0.52
7 584 20.12
8 27 0.93
Total 2902 100.00
Genotype
2/2 11 0.76
2/3 14 0.96
2/4 159 10.96
2/5 2 0.142.3.2. Behavioral problems
At both T1 and T2, behavioral problems were assessed with the Child Behavior
Checklist (CBCL) (Achenbach, 1991a; Verhulst et al., 1996) and the Youth Self-
Report (YSR) (Achenbach, 1991b; Verhulst et al., 1997). The CBCL is a measure of
parent-reported emotional and behavioral problems in 4- to 18-year-old children
and the YSR is a self-report questionnaire that was modeled on the CBCL. The CBCL
and the YSR contain 113 and 112 items respectively. These items are rated as 0
(not true), 1 (somewhat or sometimes true) or 2 (very true or often true). Both the
CBCL and the YSR contain two broadband scales: one for internalizing behavior
problems and one for externalizing behavior problems. As in our previous studies,
we used the mean of the CBCL and YSR scores on externalizing behavior problems
(Marsman et al., 2008, 2009). This broadband scale of externalizing behavior
problems is composed of two narrow-band syndromes: delinquent behavior and
aggressive behavior.2/6 4 0.28
2/7 52 3.58
2/8 1 0.07
3/3 3 0.21
3/4 108 7.44
3/5 1 0.07
3/7 30 2.07
3/8 3 0.21
4/4 589 40.59
4/5 8 0.55
4/6 8 0.55
4/7 359 24.74
4/8 16 1.10
5/5 1 0.07
5/7 10 0.69
5/8 1 0.07
6/7 3 0.21
7/7 62 4.27
7/8 6 0.41
Total 1451 100.002.3.3. Familial loading
At T1, lifetime parental psychopathology was assessed by means of the TRAILS
Family History Interview (FHI), administered at the parent interview. Five spectra
(or dimensions) of psychopathology were assessed: depression, anxiety, substance
dependence, persistent antisocial behavior, and psychosis. Each spectrum was
introduced by a vignette (available on request) describing the main DSM-IV
characteristics of the spectrum, followed by a series of questions assessing lifetime
occurrence, professional treatment, and medication use. Biological parents were
interviewed separately using a single informant, typically the mother. For each
spectrum, we assigned each parent to one of the following categories: 0¼(prob-
ably) never had an episode, 1¼(probably) yes, or 2¼yes and treatment and/or
medication. For antisocial behavior, the last category was: 2¼(probably) yes and
police involvement. Prevalence rates in mother and fathers respectively were, for
depression: 27% and 15%; for anxiety: 16% and 6%; for substance dependence: 3%
and 7%; and for antisocial behavior: 3% and 7%. In the present study, we used the
familial loading of externalizing behavior problems (FLE). As externalizing
behavior problems we combined substance dependence and antisocial behavior.
The empirical justiﬁcation for the construction of the familial loadings has been
reported elsewhere (Ormel et al., 2005). Two groups were created as in a previousTRAILS study: adolescents from low FLE families (82.2%) and adolescents from
high FLE families (17.8%) (Buschgens et al., 2009).
2.3.4. DRD4
DNA was extracted from buffy coats or buccal swabs (Cytobrushs) with the
use of a manual salting out procedure similar to the protocol described by Miller
et al. (1988). The 48 bp direct repeat polymorphism in exon 3 of DRD4 was
genotyped on the Illumina BeadStation 500 platform (Illumina Inc., San Diego, CA,
USA). The genotyping assay was carried out in a CCKL quality-certiﬁed laboratory
and has been validated earlier. Three percent blanks as well as duplicates between
plates were taken along as quality controls during genotyping. Determination of
the length of the alleles was performed by direct analysis on an automated
capillary sequencer ABI3730, Applied Biosystems, Nieuwerkerk a/d Ijssel, The
Netherlands) using standard conditions (Nederhof et al., 2011). Information on
length of polymorphisms was available for 1451 subjects. Allele frequencies and
genotype distribution of the DRD4 are presented in Table 1. DRD4 genotypes were
grouped according to the presence of at least one 4-repeat allele or at least one
7-repeat allele, respectively. No deviation from Hardy–Weinberg equilibrium was
observed (w2¼0.38, d.f.¼1, p¼0.54).
2.3.5. Socio-economic status (SES)
SES was based on income level, educational level of both parents, and
occupational level of both parents, assessed by a parental questionnaire. These
ﬁve variables were standardized and combined into one scale with an internal
consistency of 0.84 (Veenstra et al., 2005). Several TRAILS studies used this
SES-measure (Amone-P’Olak et al., 2009; Herba et al., 2008; Veenstra et al.,
2008). In the present study, SES may act as a confounder, since SES is related to
both parenting factors and externalizing behavior problems (Marsman et al., 2012).
2.4. Data analysis
Pearson correlation coefﬁcients (r) were calculated between gender, SES, the
parenting factors, FLE, DRD4 7-repeat allele, and externalizing behavior problems
at T1 and T2. Subsequently, we conducted hierarchical multiple linear regression
analyses on externalizing behavior problems at T2. Prior to regression analysis, all
predictor variables were standardized to avoid multicollinearity. In the ﬁrst
analysis, gender and SES were added in the ﬁrst step, since both may act as
R. Marsman et al. / Psychiatry Research 209 (2013) 66–73 69covariates. In the second step, parental Overprotection, parental Emotional
Warmth, parental Rejection, FLE, and DRD4 7-repeat allele were added. In the
third step, interaction terms between parenting factors and gender, interaction
terms between parenting factors and FLE, and interaction terms between parent-
ing factors and the DRD4 7-repeat allele were added.
Externalizing behavior problems at T1 are probably not only associated with
externalizing behavior problems at T2, but also with parenting factors at the same
time (Akse et al., 2004; Buschgens et al., 2010; Kim et al., 1999; Veenstra et al.,
2006; Yahav, 2007). However, the direction of the association between externaliz-
ing behavior problems at T1 and parenting factors is unclear, leading to potential
over-correction when adjusting for externalizing behavior problems at T1. For this
reason, we chose to perform our analyses with and without adjusting for
externalizing behavior problems at T1. The second analysis was the same as the
ﬁrst analysis, with the only difference being that externalizing behavior problems
at T1 was added to step 1. In the next two analyses, we explored the effect of the
DRD4 4-repeat allele by substituting the DRD4 7-repeat variable by the DRD4
4-repeat variable. When an interaction effect was found in both the analysis with
adjustment for externalizing behavior problems at T1 and the analysis without
adjustment for externalizing behavior problems at T1, we performed gender
stratiﬁed analyses or genetic risk-stratiﬁed analyses.3. Results
Table 2 shows the correlations between the predictors and
externalizing behavior problems. All predictors signiﬁcantly
correlated with externalizing behavior problems at T1. Except
for the DRD4 7-repeat allele, predictors also signiﬁcantly corre-
lated with externalizing behavior problems at T2. Boys have more
externalizing behavior problems than girls at T1. Higher SES is
associated with lower externalizing behavior problems at T1 and
T2. In addition, parental overprotection and parental rejection
was associated with more externalizing behavior problems at T1
and T2, whereas parental emotional warmth was associated with
less externalizing behavior problems at T1 and T2. Also, familial
loading of externalizing psychopathology was associated with
externalizing behavior problems at T1 and T2. The presence of
the DRD4 7-repeat allele was associated with gender and exter-
nalizing behavior problems at T1 but not with externalizing
behavior problems at T2. Furthermore, externalizing behavior
problems at T1 were associated with externalizing behavior
problems at T2.
The model without correction for externalizing behavior
problems at T1 is presented in the left column of Table 3.
Regarding hypothesis 1, parental overprotection and parental
rejection were signiﬁcantly related to more externalizing beha-
vior problems at T2, and parental emotional warmth was sig-
niﬁcantly related with less externalizing behavior problems at T2.
In addition, FLE was signiﬁcantly related to more externalizing
behavior problems at T2, whereas the DRD4 7-repeat allele wasTable 2
Correlations, means and standard deviations of predictors and outcome variables.
1 2 3 4
1. Gender –
2. SES 0.02 –
3. Overprotection 0.06b 0.09b –
4. Warmth 0.10b 0.14b 0.18b –
5. Rejection 0.11b 0.07b 0.36b 0.36
6. FLE 0.01 0.17b 0.01 0.04
7. DRD4 7-repeat 0.05a 0.02 0.04 0.02
8. EXT T1 0.21b 0.14b 0.23b 0.25
9. EXT T2 0.04a 0.13b 0.18b 0.17
Mean – – 1.86 3.21
S.D. – – 0.38 0.50
Note: Gender: 1¼boys, 2¼girls; SES: 1¼ low, 2¼ intermediate, 3¼high; Ove
Rejection¼parental rejection; FLE¼familial loading of externalizing psychopathology
DRD4, 2¼presence of the 7-repeat allele in DRD4; EXT T1¼externalizing behavior pro
deviations are shown of unstandardized variables.
a Signiﬁcant at the 0.05 level.
b Signiﬁcant at the 0.01 level.not related to externalizing behavior problems at T2. Regarding
hypothesis 2, the interaction term between gender and rejection
was signiﬁcant and negative. In addition, with respect to hypoth-
esis 3, the interaction terms between the DRD4 7-repeat allele
and parenting factors did not signiﬁcantly predict externalizing
behavior problems at T2. However, the interaction term between
FLE and parental rejection was also signiﬁcant and negative.
Together SES, the parenting factors, FLE, and the interaction
effects accounted for 12.6% of the adjusted variance in externaliz-
ing behavior problems at T2.
Results of the model with correction for externalizing behavior
problems at T1, presented in the right column of Table 3, were
largely the same as the results of the model without correction for
externalizing behavior problems. The only differences were that
we found also a main effect of gender, whereas the main effect of
rejection and the interaction effect between gender and rejection
were no longer present. As expected, externalizing behavior
problems at T1 accounted for a lot of variance in externalizing
behavior problems at T2 as this model explained 37.1% of the
adjusted variance.
Given the signiﬁcant negative interaction effect between
FLE and rejection in both analyses, we performed separate
regression analyses for adolescents from low FLE families and
for adolescents from high FLE families. These analyses showed
that the effect of parental rejection on higher externalizing
behavior problems at T2 was present in low FLE families
(b¼0.172, po0.001) but not in high FLE families (b¼0.085,
p¼0.16). Overall, parenting factors explained twice as much
variance in externalizing behavior problems in low (Adj.
R2¼9.9%) versus high FLE families (Adj. R2¼4.8%). Fig. 1 shows
the regression lines for adolescents from the low and high FLE
families.
Next, we investigated the potential moderating role of the
DRD4 4-repeat allele (results not shown). There was no main
effect of the DRD4 4-repeat allele in both analyses (b¼0.003,
p¼0.91 in analysis without externalizing at T1 as predictor and
b¼0.019, p¼0.37 in analysis with externalizing at T1 as
predictor). However, these analyses revealed a signiﬁcant inter-
action effect between the DRD4 4-repeat allele and overprotec-
tion, both without correction for externalizing behavior problems
at T1 (b¼0.084, po0.01) and with correction for externalizing
behavior problems at T1 (b¼0.051, po0.05). This interac-
tion effect between the DRD4 4-repeat allele and overprotection
in the third step was found over and above the main effect
of overprotection (without correction for externalizing
behavior problems at T1; b¼0.131, po0.001; with correction5 6 7 8 9
b –
a 0.00 –
0.04 0.04 –
b 0.41b 0.10b 0.06a –
b 0.26b 0.13b 0.01 0.59b –
1.42 – – 0.26 0.26
0.33 – – 0.16 0.17
rprotection¼parental overprotection; Warmth¼parental emotional warmth;
: 1¼ low FLE, 2¼high FLE; DRD4 7-repeat: 1¼absence of the 7-repeat allele in
blems at T1; EXT T2¼externalizing behavior problems at T2. Means and standard
Table 3
Hierarchical multiple linear regression analysis predicting externalizing behavior problems at T2.
Regression model without externalizing at T1 as predictor Regression model with externalizing at T1 as predictor
Predictors Beta p Adj. R2 Predictors Beta p Adj. R2
Step 1 2.6% Step 1 36.1%
Gender 0.045 0.084 Gender 0.092 o0.001
SES 0.159 o0.001 SES 0.069 0.001
EXT T1 0.602 o0.001
Step 2 12.3% Step 2 36.8%
Gender 0.005 0.856 Gender 0.099 o0.001
SES 0.099 o0.001 SES 0.051 0.021
EXT T1 0.571 o0.001
Overprotection 0.129 o0.001 Overprotection 0.070 0.005
Warmth 0.133 o0.001 Warmth 0.052 0.040
Rejection 0.182 o0.001 Rejection 0.010 0.723
FLE 0.094 o0.001 FLE 0.053 0.013
DRD4 0.009 0.730 DRD4 0.033 0.120
Step 3 12.6% Step 3 37.1%
Gender 0.006 0.820 Gender 0.100 o0.001
SES 0.100 o0.001 SES 0.050 0.023
EXT T1 0.571 o0.001
Overprotection 0.125 o0.001 Overprotection 0.065 0.009
Warmth 0.128 o0.001 Warmth 0.047 0.063
Rejection 0.192 o0.001 Rejection 0.016 0.558
FLE 0.089 o0.001 FLE 0.052 0.016
DRD4 0.007 0.773 DRD4 0.031 0.144
Gendern Overprotection 0.012 0.671 Gendern Overprotection 0.008 0.740
Gendern Warmth 0.006 0.839 Gendern Warmth 0.025 0.324
Gendern Rejection 0.066 0.032 Gendern Rejection 0.038 0.147
FLEn Overprotection 0.028 0.323 FLEn Overprotection 0.025 0.299
FLEn Warmth 0.032 0.267 FLEn Warmth 0.017 0.495
FLEn Rejection 0.071 0.017 FLEn Rejection 0.067 0.008
DRD4n Overprotection 0.013 0.657 DRD4n Overprotection 0.004 0.876
DRD4n Warmth 0.003 0.909 DRD4n Warmth 0.013 0.602
DRD4n Rejection 0.031 0.305 DRD4n Rejection 0.028 0.281
Note: Gender: 1¼boys, 2¼girls; SES: 1¼ low, 2¼ intermediate, 3¼high; Overprotection¼parental overprotection; Warmth¼parental emotional warmth;
Rejection¼parental rejection; FLE¼familial loading of externalizing psychopathology: 1¼ low FLE, 2¼high FLE; DRD4 7-repeat: 1¼absence of the 7-repeat allele in
DRD4, 2¼presence of the 7-repeat allele in DRD4; EXT T1¼externalizing behavior problems at T1. Bold p-values are signiﬁcant at the 0.05 level.
Fig. 1. Regression lines predicting externalizing behavior problems from parental
rejection for adolescents from the low and high FLE families. Note: Rejection¼parental
rejection within the minimum and maximum range values.
Fig. 2. Regression lines predicting externalizing behavior problems from parental
overprotection for adolescents carrying and not carrying the 4-repeat allele of the
DRD4. Note: Overprotection¼parental overprotection within the minimum and
maximum range values.
R. Marsman et al. / Psychiatry Research 209 (2013) 66–7370for externalizing behavior problems at T1; b¼0.070, p¼0.005).
Stratiﬁed analyses showed that the effect of parental overprotec-
tion on higher externalizing behavior problems at T2 was stronger
in adolescents not carrying the DRD4 4-repeat allele (b¼0.388,
po0.001) than in adolescents carrying the DRD4 4-repeat allele
(b¼0.123, po0.001). Parenting factors explained more variance
in externalizing behavior problems in the group not carrying the4-repeat allele (Adj. R2¼14.4%) than in the group carrying the 4-
repeat allele (Adj. R2¼11.1%). Fig. 2 shows the regression lines for
adolescents carrying and not carrying the DRD4 4-repeat allele.
R. Marsman et al. / Psychiatry Research 209 (2013) 66–73 71Adolescents with an absent 4-repeat allele and high levels of
perceived parental overprotection showed the highest levels of
externalizing behavior problems at T2.4. Discussion
In the present longitudinal study we demonstrated that
parenting is a signiﬁcant predictor of externalizing behavior
problems in 10- to 12-year-old adolescents from the general
population. In addition, we found a signiﬁcant interaction
between parental rejection and FLE in predicting externalizing
behavior problems, such that the effect of parental rejection is
only present in the absence of FLE. We were unable to replicate
main or interactive effects of the DRD4 7-repeat allele in predict-
ing future externalizing behavior problems. However, the
DRD4 4-repeat allele interacted with parental overprotection in
predicting future externalizing behavior problems.
Consistent with our ﬁrst hypothesis, parental overprotection
and parental rejection lead to higher levels of externalizing
behavior problems 212 years later, whereas parental emotional
warmth leads to lower levels of externalizing behavior problems
212 years later. The present study extended an earlier cross-
sectional study by showing that overprotection also predicts
externalizing behavior problems 212 years later (Yahav, 2007).
The ﬁnding of parental rejection was only present in the model
without correction for externalizing behavior problems at T1.
In that way, this ﬁnding does not ﬁt with a previous longitudinal
study in adolescence that looked at the predictive role of harsh
discipline (Leve et al., 2005). Possibly, operationalization and
measurement of negative aspects of parenting are essential in
determining their effects. Our ﬁnding of emotional warmth was
consistent with the outcome of the longitudinal study by Reitz
et al. (2006) that was also conducted in early adolescence and
looked at the effect of parental involvement and decisional
autonomy.
Regarding our second hypothesis, the present study revealed
no evidence that the effect of parenting is speciﬁc for boys. This is
in contrast to previous studies reporting that the relationship
between parenting and externalizing behavior problems is
stronger for boys than for girls (Leve et al., 2005; Miner and
Clarke-Stewart, 2008; Rothbaum and Weisz, 1994). However, all
of these studies examined speciﬁc parenting factors (e.g. harsh
discipline, approval, and restrictiveness) that differed from the
factors used in the present study (i.e., rejection, overprotection,
and emotional warmth). A cross-sectional study that looked also
at rejection, overprotection, and emotional warmth, could not
demonstrate a gender-speciﬁc association between parenting and
externalizing behavior problems (Veenstra et al., 2006). More-
over, the meta-analysis by Rothbaum and Weisz (1994) did not
include longitudinal designs and may have become outdated
since only studies published between 1940 and 1992 were
considered. They suggested that the reason for the potential
gender-speciﬁc relationship may lie in the fact that boys have
higher levels of externalizing behavior problems than girls,
leading to different effects of parenting. Although we found
higher initial levels of externalizing behavior problems in boys,
we found as well that girls showed higher levels of externalizing
behavior problems at T2 when we corrected for the effect of
externalizing behavior problems at T1. Since both boys and girls
show considerable variance in externalizing behavior problems, it
is likely that our study would detect a moderator effect if it
was present. Previous studies that found moderator effects
may have been biased by a lack of variance in one of the
genders. To conclude, we found evidence that parental rejection,
parental overprotection, and parental emotional warmth predictsexternalizing behavior problems in a similar way in boys
and girls.
As for the third hypothesis, the present study revealed an
interaction effect between parental rejection and FLE in predict-
ing externalizing behavior problems. Contrary to the classical
stress-vulnerability view of gene environment interaction,
however, the relationship between negative parenting (i.e., par-
ental rejection) and externalizing behavior problems was present
in low but not in high FLE families. The results suggest a
competing risk model. That is, the effect of FLE was present when
parental rejection was low and the effects of parental rejection
was present when FLE was low. Sonuga-Barke et al. (2009) also
provided evidence for alternative pathways in showing effects of
maternal expressed emotion on emotional problems in children
and adolescents with the low-risk genotype. They suggest that a
high-risk genotype may produce a general insensitivity to envir-
onmental factors. The same model may apply to adolescents from
high FLE families being not sensitive to parental rejection. How-
ever, an alternative explanation for these ﬁndings is that low
statistical power impeded our ability to detect an effect of
parental rejection in adolescents from high FLE families. Contrary
to the interaction effect between parental rejection and FLE, there
were no interaction effects between parental warmth and par-
ental overprotection on the one hand, and FLE on the other hand,
in predicting externalizing behavior problems. A reason for this
might be that there is not enough variance in these parenting
factors, since the present study was based on a population-based
sample of adolescents. That is, possibly a ceiling effect prevented
us from detecting effects in these more positive parenting factors.
Despite the interaction effect between parenting and FLE in
predicting future externalizing behavior problems, we were
unable to ﬁnd an interaction effect between parenting and the
DRD4 7-repeat allele. We initially tested the DRD4 7-repeat allele
since it had been shown to interact with parenting factors in
previous studies and since it is hypothesized that dopaminergic
genes inﬂuence the sensitivity to salient environmental cues
(Bakermans-Kranenburg and van Ijzendoorn, 2006, 2007;
Propper et al., 2007; Sheese et al., 2007). An explanation for not
ﬁnding this interaction effect may be that the DRD4 7-repeat
allele makes someone more sensitive to parenting factors at
childhood age than in adolescence. It could also be that other
genes or alleles are involved in adolescence. On an exploratory
basis, we investigated the potential moderating role of the DRD4
4-repeat allele and parenting on future externalizing behavior
problems. We demonstrated that adolescents with an absent
4-repeat allele and high levels of perceived parental overprotec-
tion showed the highest levels of externalizing behavior problems
at T2. While a previous study found that the absence of the
4-repeat allele was related to lower executive function (Fossella
et al., 2002), there are, to our knowledge, no previous studies that
investigated interaction effects between the 4-repeat allele and
parenting. The present ﬁnding conﬁrms and extends previous
conclusions that the presence of the 4-repeat allele has a
protective effect (Li et al., 2006). That is, we found that this
protective effect was present in an environment with low and
high perceived parental overprotection. The absence of the 4-
repeat allele seems to make individuals more vulnerable in an
environment with high perceived parental overprotection. This is
in accordance with the classical stress-vulnerability view of gene
environment interaction. However, conﬁrmation of this ﬁnding in
independent datasets is needed before ﬁrm conclusions can
be drawn.
Some limitations of the present study should be noted. First,
we did not measure parenting at the second measurement.
Consequently, we cannot assess potential bidirectional associa-
tions between parenting and externalizing behavior problems.
R. Marsman et al. / Psychiatry Research 209 (2013) 66–7372Indeed, Miner and Clarke-Stewart found that children’s externa-
lizing behavior problems affect later parenting. Second, our
measure of parenting was based on a single self-report ques-
tionnaire by the adolescent and thus reﬂects perceived parenting.
However, there is sufﬁcient support for the reliability, and the
factorial and construct validity of this instrument (Dekovic et al.,
2006; Muris et al., 2003). In future research, however, it would be
useful to incorporate measures of parents’ and siblings’ percep-
tion of parenting. In addition, a genetic systems approach should
be adopted by testing the overall effect of relevant dopaminergic
genes (Gardner et al., 2008).
There are also several strengths of the present study. Regarding
psychosocial moderators, Nigg et al. (2010) state that different
methods provide evidence for gene environment interaction in
predicting ADHD. This paper presents a unique approach by
combining a quantitative method with a molecular-genetic
method. Second, it is a very large longitudinal population-based
study, whereas many previous studies were cross-sectional and
were based on socially and economically disadvantages samples,
which were thus more likely to display externalizing behavior
problems. In addition, the nature of this sample provided us the
opportunity to investigate the potential moderating role of gender,
FLE and presence of the DRD4 7-repeat allele and the DRD4 4-
repeat allele. Third, we used a sample of adolescents, whereas
most of the longitudinal studies that focused on the effect of
parenting on future externalizing behavior problems are limited to
childhood.
Despite the common notion that adolescents are less depen-
dent on their caregivers and spend increasing time outside the
family with their peer group, we demonstrated that parenting is a
signiﬁcant predictor of externalizing behavior problems during
early adolescence. Parental rejection interacted with FLE in
predicting externalizing behavior problems, in that the effect of
parental rejection was only present in the absence of FLE. These
results suggest a competing risks model. That is, the effect of
genetic risk was present when environmental adversity was low
and the effect of environment was present when genetic risk was
low. Yet, replication of this ﬁnding is necessary before drawing
ﬁrm conclusions. Although the DRD4 7-repeat allele did not
interact with parenting in predicting externalizing behavior
problems, the ﬁndings related to the DRD4 4-repeat allele provide
a basis for additional molecular-genetic studies examining the
interactive inﬂuence of risk genes and parenting on the course of
externalizing behaviors.Acknowledgment
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